Background: Colorectal signet ring cell carcinoma (SRCC) is a rare histological
| INTRODUCTION
Colorectal cancer (CRC) remains the second leading cause of mortality related to cancer in the United States 1 and is a major health burden worldwide. Among various types of CRCs, colorectal signet ring cell carcinoma (SRCC) has received much attention in recent years. SRCC was first described in 1951 by Laufman and Saphir. 2 As reported in many studies, SRCC mostly originates from the undifferentiated stem cells of colorectal mucosa, so SRCC often presents poor differentiation, diffuse infiltration, rapid growth, and high metastatic frequency. 3, 4 Several studies have reported the molecular and genetic patterns of SRCC, which contribute to its high metastatic frequency, and partially explain the poor prognostic outcome of metastatic SRCC patients. 6, 7 Further studies have found that many independent prognostic factors are associated with poor survival of SRCC, including age, sex, tumor size, tumor grade, and primary site. 8, 9 In addition, the treatment of colorectal SRCC patients has rapidly improved in recent years. Currently, surgical resection remains the first consideration for the management of colorectal SRCC patients; however, the use of other therapeutic combinations has increased. 10 Hugen et al 5 evaluated
the efficacy of adjuvant chemotherapy in colorectal SRCC and suggested that stage II and stage III SRCC patients could benefit from adjuvant chemotherapy. Also, in 2017 studies showed that preoperative radiotherapy improved survival of locally advanced colorectal SRCC patients. 9, 11 However, more importantly, due to the relatively high metastatic frequency of SRCC, site-specific metastasis of colorectal SRCC may have different impacts on survival outcome. 12 Few studies have focused on the prognostic differences related to different metastatic sites, which hinders the survival improvement of site-specific colorectal SRCC patients.
To the best of our knowledge, this is the first systematic retrospective study focusing on survival and treatment of site-specific colorectal SRCC, with a large sample of SRCC patients from the Surveillance, Epidemiology, and End Results (SEER) database. We analyzed the occurrence frequency and prognostic factors of colorectal SRCC and further analyzed the surgery, radiotherapy, and chemotherapy impacts on specific metastatic sites.
| MATERIALS AND METHODS

| Data source
The SEER program provides information on cancer incidence and mortality in the USA, consisting of 18 
| Patient selection
The patients for our research were collected from the SEER database for 2010-2014 that was diagnosed as colorectal cancer (CRC), considering that the site-specific metastasis data were available since 2010; and 185 617 colorectal patients were assessed for eligibility. We excluded patients with unknown diagnostic confirmation (n = 2674), patients with performance of surgery, noted death certificate/autopsy or unknown operation (n = 1949), patients with unknown/NA bone metastasis (n = 6384), patients with unknown/NA brain metastasis (n = 303), patients with unknown/NA liver metastasis (n = 330), and patients with unknown/NA lung metastasis (n = 537). Finally, 173 460 patients were included for analysis, with 1932 SRCC patients (ICD-O-3, 8490) and 171 528 non-signet ring cell carcinoma (NOS) patients (Figure 1 ).
| Statistical analysis
SEER*Stat software (version 8.3.5) was used to calculate agestandardized incidence rates (IRs) and incidence rate ratios (IRRs) with 95% confidence intervals (CIs), and R (version 3. plots were used to compare the impact of treatment strategies among different SRCC metastatic subgroups. The propensity score matching (PSM) was performed to reduce possible bias to a minimum in this study because the number of patients with SRCC and NOS was quite different. The variables matched included in the regression were age, sex, and race. We used χ 2 tests to examine the covariates balance between the two groups (SRCC and NOS). The survival comparisons later performed for PSM patients used the same methods as those in the primary analysis. The datasets analyzed and computer code used are available from the corresponding author upon request. Table 1 . In order to eliminate the impact of the difference in the number of patients with SRCC and NOS, we also conducted PSM to analyze these patient characteristics ( Table 1) . The characteristics between two groups were well balanced regarding sex, race, and age. Compared to NOS patients, SRCC patients presented higher metastatic rates (39.13% vs 18.58%) and higher treatment rates of chemotherapy (54.81% vs 36.65%). Results between SRCC and NOS patients were basically the same after PSM, and detailed clinicopathological characteristics are presented in Table 1 .
| RESULTS
| Patient characteristics
| Survival comparisons among metastatic or nonmetastatic SRCC and NOS patients
With the aim of comparing survival differences among SRCC and NOS patients who had or did not have metastasis, we analyzed the survival curves and divided patients into four groups ( Figure 2 ). Metastatic CRC patients had a worse survival than nonmetastatic CRC patients in both OS and CSS (P < 0.001).
In addition, within the metastatic CRC patients, patients with metastatic SRCC had poorer survival than patients with metastatic NOS (P < 0.001). This implied that M1 stage and SRCC pathology were negative prognostic factors. The results were the same after PSM (in Figure 2C ; P < 0.001 and Figure 2D ; P < 0.001), when adjusted for age, sex, and race.
| Occurrence frequency and prognostic factors among SRCC patients with sitespecific metastasis
In order to further explore the differences of SRCC patients with site-specific metastasis, we analyzed six possible metastatic sites, including peritoneum metastasis, distant lymph node metastasis, liver metastasis, bone metastasis, lung metastasis, and brain metastasis. Occurrence frequencies of these metastatic sites were analyzed as shown in Table 2 . Of note, we included one patient into a certain metastatic group as long as this patient was diagnosed with this specific metastatic site. Peritoneum metastasis and distant lymph node metastasis of SRCC patients were significantly more prevalent than that in NOS patients (17.65% vs 5.54%, P < 0.001; 11.08% vs 3.17%, P < 0.001, respectively). However, liver metastasis was less frequent in SRCC patients compared to that in NOS patients (6.88% vs 13.85%, P < 0.001). In all, Table 2 indicated that the peritoneum was the most frequent metastatic site in SRCC patients, but liver metastasis was not common in SRCC compared to non-SRCC colorectal cancer patients. Next, to further explore the factors that may influence long-term survival of patient with SRCC/NOS, univariate and multivariate Cox regression analyses were performed to determine the independent prognostic factors ( Table  3) . The results showed that in univariate COX regression, age greater than 65 years (HR, 1.34, P < 0.001) and peritoneum metastasis (HR, 1.27, P = 0.042) were independent poor prognostic factors, while female sex (HR, 0.86, P = 0.048), T3/T3 stage (HR, 0.61, P = 0.003), surgery (HR, 0.62, P < 0.001), radiotherapy (HR, 0.56, P = 0.031), and chemotherapy (HR, 0.45, P < 0.001) were independent F I G U R E 2 A, Overall survival among NOS and SRCC patients with and without metastasis. P < 0.001. B, Cause-specific survival among NOS and SRCC patients with and without metastasis. P < 0.001. C, Overall survival among NOS and SRCC patients with and without metastasis after PSM P < 0.001. D, Cause-specific survival among NOS and SRCC patients with and without metastasis after PSM P < 0.001. NOS, non-SRCC colorectal cancer; SRCC, colorectal signet ring cell carcinoma; PSM, propensity score matching adverse prognostic factors. In multivariate COX regression, age greater than 65 years (HR, 1.22, P = 0.033) was an independent poor prognostic factor, while surgery (HR, 0.71, P = 0.003) and chemotherapy (HR, 0.45, P < 0.001) were independent adverse prognostic factors. However, peritoneum metastasis was not an independent prognostic factor in multivariate COX regression (P = 0.141), which may be for the limited SRCC patients who were diagnosed with specific metastatic sites.
| Survival comparisons among SRCC patients with different metastatic sites
After analyzing the occurrence frequency and prognosis of site-specific metastasis of SRCC, we next made a further analysis of the survival regarding different metastatic sites.
Five-year overall survival and cause-specific survival among SRCC patients with different metastatic subtypes (1176 nonmetastatic, 265 peritoneum metastasis only, 158 distant lymph node metastasis only, 36 liver metastasis only, and 284 multiple metastatic sites) are presented in Figure 3 . Lung, brain, and bone metastasis were not included in the subsequent analyses due to the limited patient number (6 bone metastasis only, 1 brain metastasis only, and 6 lung metastasis only). Five-year OS and CSS among SRCC patients with all metastatic subtypes are in Supplementary Figure S1 . The results of OS and CSS both suggested that compared to median survival time, survival of SRCC patients with multiple metastatic sites was the worst (OS = 7 months, CSS = 7 months, P < 0.001). Among single-site metastasis of SRCC patients, SRCC patients with peritoneum metastasis had the worst survival, while patients with distant lymph node metastasis had the best relative survival (median OS: peritoneum metastasis = 9 months, distant lymph node metastasis = 13 months, liver metastasis = 10 months, P < 0.001; median CSS: peritoneum metastasis = 10 months, distant lymph node metastasis = 14 months, liver metastasis = 10 months, P < 0.001.). Thus, with these single metastatic sites, peritoneum was both the site with the highest frequency of occurrence and the site with the worst prognosis.
| Comparisons of treatment strategies among SRCC patients with different metastatic sites
Because we compared the survival and occurrence frequency of SRCC patients with different metastatic sites, it was also important to identify improved treatment methods related to these patients.
Treatment strategies including surgery, radiotherapy, and chemotherapy were analyzed against metastatic SRCC patients as shown in Figure 4 . For treatment effect of surgery, the outcomes indicated that survival benefits could be found both in nonmetastatic (HR = 0.28, P < 0.001) and metastatic SRCC patients with surgery performed (peritoneum, HR = 0.31; distant lymph node, HR = 0.29; liver, HR = 0.15; multiple, HR = 0.30; P < 0.001). However, among metastatic SRCC patients, there was little prognostic difference regarding the different metastatic sites. Survival after surgery as treatment was the best in nonmetastatic SRCC (HR = 0.28), while it was the worst in patients with peritoneum metastasis (HR = 0.31). Among these metastatic SRCC patients, the treatment effect of chemotherapy was much better in the metastatic groups (peritoneum, HR = 0.34; distant lymph node, HR = 0.34; liver, HR = 0.26; multiple, HR = 0.28; P < 0.001) compared to the nonmetastatic group (HR = 0.72, P < 0.001). Analysis of radiotherapy was not of statistical significance (P > 0.05) because of the few numbers of patients receiving radiotherapy.
Considering the significance of peritoneum metastasis, which was both the site with the highest occurrence frequency and the site with the worst prognosis, we further explored the impact of various combinations of treatments in SRCC patients with peritoneum metastasis only (Table 4) . Patients who received radiotherapy only, surgery and radiotherapy, or chemotherapy and radiotherapy were not included due to the low patient numbers. The results implied that peritoneum-metastatic SRCC patients who received chemotherapy only (HR = 0.33, P < 0.001) had a better survival than those who had surgery only (HR = 0.6, P = 0.028). Additionally, patients who received surgery and chemotherapy also had promising survival (HR = 0.19, P < 0.001), while patients who received surgery, chemotherapy, and radiotherapy all had the best survival (HR = 0.11, P = 0.003). Collectively, these results suggested that chemotherapy should be the first consideration for treatment of metastatic colorectal SRCC. Also, combined treatment of chemotherapy and surgery led to increased survival for colorectal SRCC patients with distant metastasis, especially those with peritoneum metastasis.
| DISCUSSION
Signet ring cell carcinoma (SRCC) has been associated with poor prognosis and is defined as one of the most malignant cancers compared with other colorectal cancers. 7 Most frequently, signet ring cells are found to be present in colon, 
T A B L E 3 Univariate and multivariate
analyses for SRCC patients with distant metastasis F I G U R E 3 A, Overall survival among SRCC patients with distant metastatic sites (multiple, liver, peritoneum, distant lymph node, and nonmetastatic); P < 0.001. B, Cause-specific survival among SRCC patients with distant metastatic sites (multiple, liver, peritoneum, distant lymph node, and nonmetastatic); P < 0.001. SRCC, colorectal signet ring cell carcinoma F I G U R E 4 A, Subgroup analysis of surgery effect among SRCC patients with distant metastatic sites (multiple, liver, peritoneum, distant lymph node, and nonmetastatic); P < 0.001. B, Subgroup analysis of chemotherapy effect among SRCC patients with distant metastatic sites (multiple, liver, peritoneum, distant lymph node, and nonmetastatic); P < 0.001. C, Subgroup analysis of radiotherapy effect among SRCC patients with distant metastatic sites (multiple, liver, peritoneum, distant lymph node, and nonmetastatic); P > 0.001. SRCC, colorectal signet ring cell carcinoma; CI, confidence interval rectum, stomach, prostate, and bladder, with a large proportion of multiple metastasis sites. Signet ring cells present round shapes and have abundant mucins in the cytoplasm. 6 Previously, retrospective studies have analyzed the prognostic factors of primary colorectal SRCC, 5, 14, 15 but failed to compare the differences of survival and prognosis related to specific metastatic sites.
In this large population-based study, we analyzed 173 460 CRC patients from 2010 to 2014 from the SEER database, including 1932 patients diagnosed with colorectal SRCC, which was similar to the numbers reported in previous studies consisting of all stages of CRC patients. 17, 18 Among this cohort, our study found that SRCC presented unique characteristics of low differentiation, high tumor grade, and high T/M/N stage, and this finding was consistent with results derived from other databases. 17 Our study and other systematic investigations together showed that female sex and younger age were protective prognostic factors of colorectal SRCC. 19, 20 Additionally, it was reported that signet ring cells lack the ability to maintain cell to cell contact through ErbB2/ErbB3 pathway actions, and secretion of Muc4 and, therefore, diffusely infiltrate the stroma to form invasion and metastasis. 21 This mechanism may partly explain the high metastasis rate and poor prognosis of colorectal SRCC compared to non-SRCC colorectal cancers, as derived from our analyses. The relationship between molecular factors and the metastatic mechanism of SRCC should be further investigated in the future. In our analysis, the results showed that SRCC patients with peritoneum metastasis had the largest incidence among site-specific SRCC metastasis and had the poorest survival. This finding was consistent with research conducted by Van Oudheusden et al, 22 which suggested SRCC patients more often developed peritoneal and ovarian metastases. The less occurrence of operations for curative surgery also reduced the survival of SRCC patients with peritoneal metastasis. This also suggested that more attention needs to be paid to the future treatment of SRCC patients with peritoneal metastases.
According to our results, distant lymph node metastasis was the second highest site in SRCC metastasis, which may explain the results in previous studies that distant lymph node metastasis was a significant independent prognostic indicator in SRCC patients. 23 Another important finding in our study was that, compared to colorectal non-SRCC, SRCC patients presented with a lower rate of liver metastasis, which has not been reported before, and may partly be due to the easier peritoneal metastasis approach.
In agreement with the results regarding treatment methods targeting site-specific metastasis of colorectal SRCC patients in our study, our additional main findings were as follows: (a) There was no large difference in prognosis of nonmetastatic and metastatic SRCC patients with surgery performed; (b) metastatic SRCC patients with chemotherapy had better survival than nonmetastatic SRCC patients who received chemotherapy; and (c) for colorectal SRCC patients with peritoneal metastases, chemotherapy was the first choice of treatment, while combined treatment of surgery, chemotherapy, and radiotherapy provided the best survival outcome. prognosis benefit from adjuvant chemotherapy in SRCC patients. There are some possible reasons for the contradictory results. For example, we did not consider the impact of preoperative or postoperative adjuvant therapy in our study, and the specific chemotherapy regimen was unknown. Thus, we strongly recommend future studies to reevaluate the effect of chemotherapy on patients with metastatic colorectal SRCC, in a larger population. Lastly, due to the limited patient number of SRCC patients who received radiotherapy, we could not evaluate the impact of radiotherapy on nonmetastatic or metastatic colorectal SRCC and only a few studies assessing the efficacy of radiotherapy alone or combined with chemotherapy in SRCC patients have been reported. 9,26 Therefore, we also recommend further investigation on the role of radiotherapy in SRCC. Our study had several strengths. We assessed a large number of patients from a national population-based data in the United States, and our study avoided the biases associated with single institution records or limited sample sizes. Also, we employed PSM to exclude the interference of results caused by the difference in patient numbers. However, our present study also had some potential limitations. First, this SEER-based research was a retrospective study and inaccuracy inevitably existed in our data analysis process. Second, the poor diagnosis of early-stage SRCC in colon and rectum and the limited number of radiotherapy-receiving patients could have affected the number of SRCC patients in our study, which was associated with the derived conclusions. Third, the data of targeted therapies and immune therapies toward colorectal SRCC were not included in the SEER database, which may be new treatment approaches for colorectal SRCC patients.
| CONCLUSIONS
Our study showed that colorectal SRCC was a distinct entity with different biological behavior, pathological features, and treatment responses compared to non-SRCC colorectal cancers. The peritoneum was both the site with the highest metastatic frequency and the site with the worst prognosis in colorectal SRCC. Also, we recommend chemotherapy as the first consideration in metastatic colorectal SRCC treatment. In the future, more studies are needed to further evaluate treatments toward site-specific SRCC and elucidate colorectal SRCC patient selection criterion for surgery, chemotherapy, and radiotherapy.
